Objective: Inflammatory/hemostatic biomarkers are associated with coronary heart disease events, but relationships in asymptomatic midlife women are uncertain. We evaluated separately whether high-sensitivity C-reactive protein (hsCRP), fibrinogen, plasminogen-activator inhibitor 1, tissue plasminogen activator antigen, and circulating factor VII (factor VIIc) were associated with coronary artery calcification (CAC) in healthy midlife women.
T he importance of sex-specific study of coronary heart disease (CHD) is well recognized. 1 CHD deaths dramatically increase after menopause, leading to a reduction in the ratio of male-to-female CHD deaths. 2 Despite the significance of this period in the natural history of CHD, there is much that is still unknown. In one study, more than 10% of women aged 46 to 55 years with CHD events did not have any traditional risk factors and more than 35% had one risk factor. 3 This suggests other unknown mechanisms to explain women's risk.
Biomarkers associated with inflammation and hemostasis, such as high-sensitivity C-reactive protein (hsCRP) and fibrinogen, have been associated with subsequent CHD events in asymptomatic individuals. 4 The relationships of these biomarkers and others to coronary artery calcification (CAC) in women undergoing the menopausal transition are less certain. CAC is a well recognized measure of subclinical cardiovascular disease (CVD). 5 It enhances prediction of CHD events beyond traditional risk factors. 6 It has also been used as a surrogate endpoint in research in lieu of hard CHD events, particularly in lower-risk populations.
In a systematic review of inflammation and CAC, only five studies included midlife, apparently healthy women. 7 The study populations, however, were drawn from a wide age range, as many as six decades, and analyses did not take into account menopause status. A more recent analysis from the Dallas Heart Study studied a group of 1,600 multiracial/ethnic women in midlife with a mean age of 45 AE 9.9 years. 8 hsCRP was positively associated with CAC prevalence among normal-weight, but not overweight or obese women. Adjustment was not made for other CHD risk factors or menopause status, and subgroup analysis by race/ethnicity was not performed. Racial/ethnic differences in hsCRP levels are well documented. 9 Our goal was to examine cross-sectional associations of five inflammatory/hemostatic biomarkers and CAC in women undergoing the menopausal transition, who were free of known CVD. We hypothesized that hsCRP, fibrinogen, plasminogen-activator inhibitor 1 (PAI-1), tissue plasminogen activator antigen (tPA-ag), and circulating factor VII (factor VIIc) were positively associated with CAC, independent of traditional CHD risk factors, and that these associations varied by race/ethnicity.
METHODS

Study population
The Study of Women's Health Across the Nation (SWAN) is a multicenter, multiracial/ethnic prospective cohort study in the United States designed to examine the menopausal transition. 10 Seven clinical sites recruited women who were White and one additional predetermined race/ethnicity (African-Americans in Boston, Chicago, Detroit, Pittsburgh; Chinese in Oakland; Hispanic in New Jersey; Japanese in Los Angeles). Eligibility criteria for the SWAN parent study included age 42 to 52 years, an intact uterus, menstruating within the prior 3 months, and not using reproductive hormones. Those with a prior hysterectomy or bilateral oophorectomy were excluded. Study protocols were approved by the institutional review board at each site and participants provided written informed consent.
Two sites-Pittsburgh and Chicago-participated in the SWAN Heart ancillary study, which was designed to evaluate the changes in subclinical measures of atherosclerosis during the menopausal transition. These two sites, by design, enrolled only self-identified White and African-American women. This present study utilized data from the baseline SWAN Heart study visits. These occurred during SWAN parent study annual visits 4 through 7 (2001) (2002) (2003) (2004) (2005) , within 3 months after the corresponding annual core SWAN assessment. 11 The SWAN Heart cohort originally consisted of 608 women. For the current study, women were excluded if they did not have baseline CAC measurements (n ¼ 47); reported myocardial infarction, angina, or stroke at the baseline visit (n ¼ 11); and did not have baseline levels of hsCRP, fibrinogen, PAI-1, tPA-ag, and factor VIIc (n ¼ 178). The final sample size for those with both CAC measurements and novel risk factors of interest was 372 women. The women in the final sample, when compared to the 236 excluded women, were older (51.3 AE 2.8 vs 50.1 AE 2.9 y; P < 0.0001), had a lower systolic blood pressure (SBP) (118.4 AE 17.1 vs 121.4 AE 15.7 mm Hg; P ¼ 0.004), and were less likely to be current smokers (13.4% vs 21.6%; P ¼ 0.008). They were similar with respect to racial/ethnic distribution, body mass index (BMI), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), diabetes, and family history of CVD.
Coronary artery calcification
A CT scanner (C-150 Ultrafast CT Scanner, GE Imatron, San Francisco, CA) was used to quantify levels of calcification in the coronary arteries. The first pass allowed an evaluation of the participants' anatomy so that the landmarks for the coronary scans were identified. The second pass was for the coronary arteries in which 30 to 40 contiguous 3-mm thick transverse images were obtained from the level of the aortic root to the apex of the heart. Images were obtained during a maximal breath hold, using electrocardiographic triggering, so each 100-ms exposure was obtained during the same phase of the cardiac cycle (60%) of the R-R interval. All scan data were saved to an optical disk for central scoring, using a DICOM workstation and software by AcuImage, Inc (South San Francisco, CA). This software program implements the Agatston scoring method. 12 CAC was defined as a hyperattenuating lesion greater than 130 Hounsfield units, with an area of at least 3 pixels. The Agatston unit score was calculated by multiplying the lesion area (mm 2 ) by a density factor (between 1 and 4). The total calcium score was the sum of the individual scores for the four major epicardial coronary arteries. Under the supervision of a cardiologist, a technologist scored the scans. At the Pittsburgh site, this technique has been demonstrated to have an intraclass correlation coefficient of 0.99. 13 
Blood assays
Phlebotomy was performed in the morning after an overnight fast within 2 to 5 days of a spontaneous menstrual cycle. If a timed sample could not be obtained because of irregular or cessation of menstrual cycles, a random fasting sample was taken within 90 days of the annual visit. Samples were maintained at 48C until separated, frozen at À808C, and shipped on dry ice to the central laboratory (Medical Research Laboratories, Highland Heights, KY), which is certified by the Centers for Disease Control Lipid Standardization Part III program. 14 All lipid and lipoprotein fractions were analyzed on EDTA-treated plasma. Total cholesterol, HDL-C, insulin, and glucose were determined from a fasting blood sample with standard methods described previously. 15 LDL-C was calculated using the Friedewald equation. 16 The Homeostasis Model Assessment (HOMA) insulin resistance index was calculated using the following equation: [insulin Â gluglucose]/22.5. 17 Glucose in mg/dL was converted to millimoles per liter by multiplying by 0.0555. HOMA represents a computer model of the glucose-insulin feedback system during a fasting state, specifically regarding the functions of the tissues and organs related to glucose regulation.
High-sensitivity CRP was measured using ultrasensitive rate immunonephelometry (Dade-Behring, Marburg, Germany). The sensitivity of the assay was 0.03 mg/dL. The interassay coefficients of variations (CVs) at hsCRP concentrations of 0.05 and 2.2 mg/dL were 10% to 12%, and 5% to 7%, respectively. Fibrinogen and factor VIIc were measured in frozen citrated plasma using a clot-based turbidometric detection system (MLA ELECTRA 1400C; Medical Laboratory Automation Inc, Mt Vernon, NY). Fibrinogen monthly interassay CVs were 2.3% to 3.5%, and 2.6% to 3.6% at mean concentrations of 250 and 140 mg/dL, respectively. Factor VIIc monthly interassay CVs were 7.8%, 5%, and 4% for mean activities of 8%, 45%, and 99%, respectively. PAI-1 was measured using a solid-phased monoclonal antibody and a second enzyme-labeled goat antiserum for detection (IMUBIND plasma PAI-1 enzyme-linked immunosorbent assay; American Diagnostica, Greenwich, CT). PAI-1 monthly interassay CVs were 5% to 9%, and 4% to 9% at mean concentrations of 7 and 22.5 ng/dL, respectively. A double antibody in an enzyme-linked immunosorbent assay (American Diagnostica) measured tPA-ag, with a human single-chain tPA-ag as a standard calibrated against an international standard (National Institute for Biological Standards and Control, Hertfordshire, UK). Monthly interassay CVs were 4.7% to 8.7%, and 3.8% to 7.8% at mean concentrations of 5.6 and 11 ng/dL, respectively.
Other study variables
Blood pressure was measured twice with a minimum 2minute rest period between measures, and the average was used. Readings were taken on the right arm, with the respondent seated and feet flat on the floor for at least 5 minutes before the measurement. Respondents had not smoked or consumed any caffeinated beverage within 30 minutes of blood pressure measurement. Smoking was coded into current versus past or never smoker. BMI was derived from in-clinic measures of weight and height, and was calculated by (mass [kg])/(height [m]) 2 . Framingham risk score (FRS) assessment was the summation of all Framingham risk-related points: age, LDL-C or total cholesterol, HDL-C, blood pressure, diabetes, and smoking. 18 Menopause status, obtained annually from reported bleeding patterns in the year preceding the visit, was categorized as premenopausal (bleeding in previous 3 mo with no past year change in cycle predictability); early perimenopausal (bleeding in the previous 3 mo with decrease in cycle predictability in the past year); late perimenopausal (<12 to >3 mo of amenorrhea); natural postmenopausal (!12 mo of amenorrhea); surgical postmenopausal (for those who had undergone hysterectomy with/without oophorectomy); and indeterminate status (for women pre/perimenopausal who reported taking hormones in the past year because of the impact of hormone use, even if discontinued, on bleeding patterns). Postmenopausal women who reported taking hormones within the past month of the clinical visit were classified as hormone therapy users. For the current analyses, premenopausal and early perimenopausal women were combined into one group, as were late perimenopausal and postmenopausal women. 19 Income was initially reported in eight categories. These were compressed into three categories: less than $50,000; $50,000 to $100,000, and more than $100,000. Education was reported in five categories. These were compressed into three categories: high-school or less, some college or college, and graduate degree.
Race/ethnicity was determined in response to "How would you describe your primary racial or ethnic group?" CV medication use (Yes, if blood pressure and/or cholesterol medication use) and family history of CVD were self-reported. Diabetes was defined as the use of any medication for diabetes or a fasting blood glucose above 125 mg/dL.
Statistical analysis
Summary statistics of the study variables were presented for total, and also by CAC presence status. Differences in study variables by CAC status were assessed by the Wilcoxon rank-sum test and the chi-square test as appropriate. hsCRP, fibrinogen, PAI-1, tPA-ag, and factor VIIc had skewed distributions and were therefore log-transformed.
Coronary artery calcification was evaluated as presence of calcification if CAC Agatston score was greater than 0, and extent of calcification using CAC Agatston score. Logistic regression for CAC presence and Tobit regression for CAC extent were used for statistical analyses. Tobit regression was chosen, given a right-skewed distribution due to many zero scores. 20 Tobit combines a logistic regression of CAC presence (CAC > 0 vs CAC ¼ 0) with a linear regression to produce a single estimate. This modeling has been used before with log-transformed CAC. 21, 22 We chose to use the raw CAC score for ease of interpretation. Sensitivity analysis was performed for log(CAC þ 1) to assure consistency of results. The results were similar (not presented).
Covariates that were known to be associated with CAC were forced into the adjusted models, and also those associated at a P value less than 0.25 in the univariable analysis. Models were adjusted for the aggregate FRS, study site, race/ ethnicity, menopause status, education, and income. Second, models were additionally adjusted for BMI. Final models were further adjusted for HOMA insulin resistance index, family history of CVD, and CV medication use. To avoid multicollinearity, covariates that were components of the calculated FRS were not included in multivariable modeling. Multicollinearity was checked for BMI and HOMA insulin resistance index using variance inflation factor given correlation with the independent variables; none was significant. Interactions were assessed for race/ethnicity, menopause status, and BMI, and stratified analyses were performed if significant. Interactions with menopause status or BMI were not significant. Due to few diabetic women, sensitivity analyses were performed in the nondiabetic women only. A two-tailed value of P less than 0.05 was considered significant for all analyses. Goodness of fit was assessed with the P value from the Hosmer-Lemeshow test for logistic regression and the Akaike information criterion for Tobit regression. SAS version 9.4 (Cary, NC) was used for statistical analyses.
RESULTS
The characteristics of the study population by presence of CAC at baseline are listed in Table 1 . CAC was present in 184 (49.5%) participants. The majority of the study participants (97%) had a CAC score between 0 and 100 U. For those with CAC (CAC > 0), the median Agatston score was 8.6 U, with a range from 1.0 to 598.6 U. Participants with CAC had a worse CHD risk profile when compared with participants without CAC. They were older; more likely to be African-American; had a higher SBP, BMI, LDL-C, and FRS; and had lower HDL-C. All inflammatory/hemostatic biomarkers were significantly higher in those with baseline CAC present. There was no significant difference between the two groups in relation to menopause status, hormone therapy, income, and education. Table 2 provides the results of the univariable logistic regression analyses for presence of baseline CAC, and univariable Tobit regression analyses for extent of baseline CAC. The presence and extent of baseline level of CAC were both significantly associated with age, SBP, HDL-C, LDL-C, BMI, HOMA, CV medication use, FRS, log(hsCRP), log(fibrinogen), log(PAI-1), log(tPA-ag), and log(factor VIIc).
All inflammatory/hemostatic biomarkers were positively associated with CAC presence and extent (P < 0.0001 for all), adjusting for FRS, site, race/ethnicity, menopause status, income, and education (Table 3 ). Additional adjustment for BMI explained all associations except for factor VIIc, which remained associated with CAC extent only (P ¼ 0.02), but not presence. Final adjustment for insulin resistance, family history of CVD, and CV medication use produced similar results.
In univariable and final multivariable models, associations between hsCRP, and CAC presence and extent were significantly modified by race/ethnicity (P < 0.05). Compared with those having no CAC, women with CAC had higher levels of hsCRP, and this was significant in both African-Americans (5.35 vs 1.50 mg/L; P < 0.0001) and Whites (2.95 vs 1.25 mg/ L; P < 0.0001), respectively (Fig. 1 ). In participants with CAC greater than 0, the median hsCRP level was significantly higher in African-American women when compared with White women (P ¼ 0.002). Stratified analyses were performed on the relationship between log(hsCRP) and CAC by race/ethnicity (Table 4 ). Log(hsCRP) was positively associated with CAC presence (odds ratio [OR] 3.25; 95% Sensitivity analyses were performed on the 352 nondiabetic participants after exclusion of the 18 diabetic participants, and the results were similar to those reported in this study (data not shown).
DISCUSSION
To the best of our knowledge, this is the first study to evaluate the relationships of hsCRP, fibrinogen, PAI-1, tPAag, and factor VIIc to CAC in women undergoing the menopausal transition. This period is recognized as a critical time for the change in CHD risk in women. 2 Our investigation yielded three important observations. First, hsCRP, fibrinogen, PAI-1, tPA-ag, and factor VIIc were all positively associated with the presence and extent of CAC in midlife women. These relationships were all attenuated by BMI in the multivariable models, with the exception of factor VIIc.
Second, a significant interaction was noted for race/ethnicity on the relationship between hsCRP and baseline CAC. hsCRP was associated with CAC in African-American women, but not White women. Third, factor VIIc was associated with CAC extent, but not CAC presence, even after adjustment for multiple CHD risk factors and BMI.
In generally healthy women, evidence suggests that there is no relationship between hsCRP and CAC, but that a relationship between fibrinogen and CAC does exist. Jenny et al 23 evaluated hsCRP and fibrinogen, divided in quartiles, in over 6,783 participants from the Multi-Ethnic Study of Atherosclerosis (MESA). The study reported a significant independent association between CAC presence and fibrinogen quartiles, but not hsCRP quartiles. The results were adjusted for age, race/ethnicity, sex, smoking, diabetes, SBP, BMI, and dyslipidemia. The authors reported sex and race/ethnicitystratified analyses, and these results were similar to the results from the overall cohort. Differences between results from MESA and those from our current study may be due to differences in the baseline characteristics of the study 
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population and/or analyses. The mean age of the MESA population was 62 years; thus the vast majority was postmenopausal, and participants had higher rates of traditional risk factors. Findings from the CAC in type 1 diabetes demonstrated a positive association between PAI-1 and CAC in young participants with type 1 diabetes, but not healthy control women. 24 Approximately half of the population was comprised of women. The mean age of the nondiabetic women was 39 years. Our findings for association between PAI-1 and CAC were in agreement with the results from the above study among healthy controls, although our population consisted of mainly women of older age. Associations of tPA-ag and factor VIIc with CAC are not clear. We are not aware of any studies that have evaluated these associations in any population. Our current study fills not only needed information on the relationships of PAI-1, tPA-ag, and factor VIIc to CAC in a healthy population, but also in an important age group in women that is not well represented in the current literature.
The finding from our study that the relationships between hemostatic/inflammatory biomarkers and CAC were attenuated after adjusting for BMI suggests that these relationships may be largely mediated through the metabolic changes that are linked with increasing BMI. Higher BMI levels were found to be independently associated with higher levels of hsCRP, fibrinogen, and PAI-1 in women, but not men, in a cross-sectional, community-based study of 166 healthy men and women with a mean age of 52.1 years (26-80 y). 25 Prior investigators have suggested that the association between adipose tissue and hsCRP, mediated through interleukin (IL)-6, may diminish the predictive value of hsCRP for CHD in obese individuals. 8 The hsCRP signal from adipose tissue may overwhelm that from subclinical atherosclerosis. A similar mechanism may explain the correlation between PAI-1 and BMI. 26 Thus, increasing adipose tissue may be the primary reason for increasing CRP, fibrinogen, PAI-1, and tPA-ag in midlife women. Our findings support recommendations of weight maintenance or reduction to achieve an appropriate body weight. 1 The situation may not be the same among African-American midlife women. Our study showed a significant relationship between CRP and CAC presence and extent independent of BMI only among African-American women. Findings from hsCRP levels were similar among African-American and White women when CAC ¼ 0 (P ¼ 0.5). hsCRP levels were significantly higher in African-Americans compared with White women when CAC is greater than 0 (P ¼ 0.002). Vertical bars show the interquartile range (Q1, Q3). CAC, coronary artery calcification; hsCRP, high-sensitivity C-reactive protein.
the SWAN parent study comprised of 3,154 women without known CV disease demonstrated significant racial/ethnic differences in hsCRP concentrations. 27 African-American women had greater odds of hsCRP levels above 3 mg/L when compared with White women, even after adjusting for age, socioeconomic status, BMI, and other CV risk factors. Despite similar median hsCRP values in women without CAC, African-American women with CAC in our study had a median hsCRP almost twice as much as their White counterparts (Fig. 1) . In human umbilical vein endothelial cells from African-Americans and White women, cells from African-American women had higher nitric oxide levels, higher IL-6 levels, and lower superoxide dismutase activity. 28 It strengthens the theory that genetic differences in oxidative stress and inflammation are involved in racial/ethnic differences in clinical CHD rates. The 2010 American College of Cardiology Foundation/ American Heart Association (AHA) Guidelines for Assessment of CV Risk in Asymptomatic Adults does not recommend selective race/ethnic-based risk-assessment approaches despite recognition of disparities between racial and ethnic groups with regards to traditional risk factors, CHD incidence, and outcomes. 29 Current literature calls for more attention, particularly to African-American women, who were shown to have the poorest 15-year adjusted survival rate of all four ageracial/ethnic groups in a Duke University Medical Center study of greater than 22,000 African-American and White women and men with established CHD. 30 Pharmacotherapy guideline recommendations from the AHA for primary prevention in nondiabetic women without high risk features for CVD focus on control of blood pressure and dyslipidemia, and also aspirin. 1 Statin recommendations for primary prevention are largely dependent upon CHD risk classification. Statins, but not aspirin, are associated with lower hsCRP levels in participants with stable CHD. 31 This suggests that inflammatory mechanisms that promote atherogenesis may be particularly responsive to statins. 32 Whether this extends to primary prevention scenarios requires further investigation.
The only randomized, placebo-controlled study to demonstrate significant reduction in total or CHD mortality for women was the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin, which included 6,801 women. 33 Inclusion criteria for women were age at least 60 years, LDL-C below 130 mg/dL, and hsCRP at least 2.0 mg/L. Elevated hsCRP levels may therefore identify women who stand to benefit the most from statin medication. Routine screening for hsCRP, however, is currently not recommended. 1 The study of hsCRP in African-Americans has been limited. 34 A goal of risk prediction is reclassification of individuals based on low, intermediate, and high-risk estimation. 35 For nondiabetic women with LDL-C levels below 190 mg/dL, the current threshold for recommending primary prevention statin therapy is an estimated 10-year atherosclerotic CVD risk of at least 7.5%. 36 Additional factors that may influence prescribing statins are hsCRP at least 2 mg/L and the presence of any CAC. 36, 37 One recommendation for statin consideration is the presence of CAC score at least 75th percentile, which, in African-American women between the ages of 45 and 54 years, is any CAC. 36, 37 In those with elevated hsCRP, the presence of any CAC may dramatically reduce the number needed to treat for statins on CHD events. 38 Our data suggest hsCRP screening may be particularly useful in midlife African-American women. Ultimately, a prospective trial on the utility of hsCRP and CAC screening is warranted in midlife African-American women.
Factor VIIc is a procoagulant that has had variable associations with subclinical atherosclerosis in past studies. 39, 40 Our finding of a positive association between CAC extent, but not CAC presence, should be further investigated.
Limitations and strengths
The cross-sectional design limits the ability to assess temporal relationships and causality. We only had women of African-American and White race, so the results may not be generalizable to other racial/ethnic groups. The majority of the participants with CAC had low CAC scores, so these 
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results may not be generalized to women with higher CAC scores. We do not expect that the excluded women would have significant impact on our results. The excluded and included women were similar in most characteristics. Excluded women were older, but also healthier in that they had lower SBP and were less likely to be current smokers. Finally, due to our limited sample size, we were not able to adjust our results to many other potential covariates such as alcohol consumption and stress. Although the analysis was cross-sectional, the data collection was performed in a systematic and prospective manner. An additional strength was our analysis of both presence and extent of CAC.
CONCLUSIONS Our results suggest that the associations of inflammation and hemostasis with CAC presence are virtually all mediated through BMI, except for factor VIIc, in women undergoing the menopausal transition. The association of hsCRP with CAC in African-American women, however, was significant and independent of traditional CV risk factors and socioeconomic factors. Future studies should assess whether longitudinal changes in inflammatory/hemostatic markers are association with calcification progression in a larger sample of women at midlife and adjusting for important potential confounders.
